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An experimental and theoretical investigation of 
the effects of planform on the supersonic aerodynam- 
ics of low-fineness-ratio multibody configurations has 
been conducted in the Langley Unitary Plan Wind 
Tunnel at Mach numbers of 1.60, 1.80, 2.00, and 
2.16. Longitudinal and lateral-directional aerody- 
namic force and moment data and flow visualiza- 
tion photographs were obtained for three multibody 
configurations. In general, the data indicated that 
planform has a small effect on the zero-lift drag of 
a multibody configuration. In contrast, the longi- 
tudinal aerodynamic data obtained at lifting con- 
ditions indicated that planform has a significant 
effect, on the lift, pitching-moment, and drag-due- 
to-lift characteristics of a multibody configuration. 
Although planform significantly affected the lateral- 
directional stability of the multibody configurations, 
the data did not uncover any unusual stability traits 
associated with the multibody configurations. 
A comparison study was made between the plan- 
form effects observed for single-body and multibody 
configurations. Results from this study indicate that 
the multibody concept offers a mechanism for em- 
ploying a low-sweep wing (such as the trapezoidal 
wing) with no significant increase in zero-lift drag 
and no decrease in high-performance characteristics 
at high-lift conditions. In general, the study shows 
that the single-body and multibody configurations 
experience the same planform effects for the lift, 
drag-due-to-lift, and lateral stability characteristics. 
However, planform does not appear to affect the zero- 
lift drag for the multibody configuration as dras- 
tically as it does for the single-body configuration. 
Also, in contrast to the trend found for the single- 
body configuration, the multibody configuration ex- 
periences increasing longitudinal stability with in- 
creasing Mach number. 
Evaluation of the linear-theory prediction meth- 
ods reveals a general inability of the methods to 
predict the characteristics of low-fineness-ratio multi- 
body geometries. However, the methods did pre- 
dict the correct trends in the lift, pitching-moment, 
and drag-due-to-lift characteristics with variations in 
Mach number and planform. The methods also pre- 
dict the correct change in zero-lift drag with varia- 
tions in Mach number but not that with variations in 
planform. Finally, the methods did predict that the 
change in zero-lift drag due to variations in planform 
is small, as was found experimentally. 
Introduction 
The multiple-fuselage aircraft design concept is 
well established in aviation history (ref. 1). Since 
the beginning of powered flight, this design concept 
has continually resurfaced. However, all previous ap- 
plications have been for subsonic designs in which the 
multiple-fuselage concept was primarily employed for 
structural or propulsion integration reasons. In ref- 
erence 2, it is estimated that a 30-percent saving in 
structural weight could be obtained without the ap- 
plication of advanced engines, advanced materials, or 
aerodynamic benefits simply by employing two fuse- 
lages rather than the conventional single fuselage. In 
general, the benefits afforded by twin fuselages are 
an effective increase in wing aspect ratio, a reduced 
wing weight because of a reduced wing bending mo- 
ment, and a reduced total fuselage weight when both 
single- and twin-fuselage geometries are configured 
for the same number of passengers or payload. Al- 
though this study was conducted for subsonic air- 
craft, the weight reduction should be independent of 
operating speed and could be equally applicable to 
supersonic as well as subsonic designs. 
Recent theoretical studies of advanced supersonic 
aircraft concepts indicate that significant improve- 
ments in aerodynamic performance may be realized 
for aircraft with two fuselages rather than the tra- 
ditional single fuselage. Reference 3 indicates that 
a twin-fuselage supersonic transport aircraft could 
have levels of aerodynamic performance which equal 
or exceed those of a single-fuselage configuration hav- 
ing only half the passenger capacity. Additional 
theoretical and experimental research (refs. 4 to 9) 
on the multibody concept at supersonic speeds has 
shown that zero-lift drag can be significantly reduced 
through body shaping or body positioning or both. 
In a linear-theory sense, the multibody concept cre- 
ates an aerodynamically thinner configuration (Le., 
equivalent body with a higher fineness ratio) (ref. 8) 
compared with a conventional single-body concept, 
and in a real-flow sense, pressure drag is reduced 
through the management of the near-field interfer- 
ence effects between the aircraft components. 
For uncambered configurations at supersonic 
speeds, the zero-lift drag is a combination of invis- 
cid (e.g., wave drag) and viscous (e.g., skin-friction 
drag) terms. Application of the multibody concept 
typically results in an increase in skin-friction drag 
because of the increased wetted area; however, there 
is a decrease in total zero-lift drag, which indicates a 
large decrease in zero-lift wave drag. As concluded in 
reference 8, the zero-lift drag reduction potential of 
the concept is dependent upon configuration fineness 
ratio. For high-fineness-ratio configurations ( ~ 2 0 ) ~  
such as transports, skin friction is the dominant zero- 
lift drag term; however, as configuration fineness ra- 
tio is decreased (=lo), the wave drag begins to domi- 
nate. Figure 1 (from ref. 9) shows the results of a very 
fundamental theoretical study that was conducted to 
determine the impact of configuration fineness ratio 
on the zero-lift drag reduction potential of the multi- 
body concept at supersonic speeds. Shown is the 
variation in zero-lift drag of a single-body configu- 
ration and a comparative double-body configuration 
with fineness ratio (Z/d). The graph shows that ap- 
plication of the multibody concept to low-fineness- 
ratio geometries provides significantly greater drag 
reductions. 
To further study the supersonic aerodynamics of 
low-fineness-ratio multibody configurations, an ex- 
perimental and theoretical investigation was con- 
ducted to determine the effect of body cross-sectional 
shape (ref. 9). This study concluded that body cross- 
sectional shape is an important parameter in deter- 
mining the zero-lift drag. The gross geometric char- 
acteristics of the model of reference 9 were based 
upon an existing conventional fighter aircraft design 
(ref. 10). 
In the experimental investigation conducted on 
the conventional model of reference 10, it was found 
that changes in wing planform could significantly in- 
fluence the zero-lift drag of low-fineness-ratio single- 
body configurations. To further study the effect of 
the multibody concept on the aerodynamic charac- 
teristics of low-fineness-ratio configurations, a wind- 
tunnel test program was conducted. Longitudi- 
nal as well as lateral and directional characteristics 
were measured for a series of outboard wing pan- 
els mounted on the multibody model of reference 9. 
All configurations were tested at Mach numbers of 
1.60, 1.80, 2.00, and 2.16 in the Langley Unitary 
Plan Wind Tunnel. This paper reports the results of 
the experimental testing and supporting theoretical 
analysis. It also presents a comparison of the plan- 
form effects on a single-body model and a multibody 
model. 
Symbols 
The measurements and calculations of this inves- 
tigation were made in U.S. Customary Units. 
b 
CA 
wing reference span, in. 
corrected axial-force coeffi- 
cient, Axial force/qS 
C D  corrected drag coefficient, 
Drag/qS 
ACD incremental change in drag 
coefficient, CD - C D , ~  
ACD/ACi  drag-due- to- lift factor 
CDC zero-lift drag correction 
zero-lift drag coefficient 
lift coefficient, LiftfqS 
incremental change in lift 
coefficient, CL - CL 
curve slope at Q = 0' 
rolling-moment coefficient, 
Rolling moment/qS 








directional stability parameter, 
aC,/a,B, deg-' 




wing reference chord, in. 
maximum diameter of body, 
in. 
CD,O 
longitudinal stability parame- I 
ter at CY = 0' I 
lift-drag ratio I 
side-body or maximum config- 
uration length, in. 




duct Mach number 
free-stream dynamic pressure, 
lb/ft2 
Reynolds number, ft-l i 
wing reference area, in2 
~ cross-sectional area, in2 I 
Cartesian coordinate in 1 
streamwise direction, in. 
reference chord, in. 









P = &Ki; also angle of 
sideslip, deg 




LE leading edge 
TE trailing edge 
unc uncorrected 
Model components: 
B strongback (balance housing, 
duct, and inboard wing panel) 
F side body 
V vertical tail 
Wl delta outboard wing panel 
w2 arrow outboard wing panel 
w3 trapezoidal outboard wing 
panel 
Model Description 
Shown in figure 2 is a three-view sketch of the 
multibody model with the delta outboard wing pan- 
els. Listed in table I are the geometric characteris- 
tics of the multibody model. Details of the multi- 
body models are presented in figure 3. The bal- 
ance housing was located on the lower surface of 
the center wing panel and was bracketed by the two 
flow-through ducts. The design was an attempt to 
limit the propagation of the interference effects from 
the balance housing to the free-stream flow field and 
model geometry. The two flow-through ducts were 
designed with a linear area growth ratio of 1.13 to 
account for the boundary layer in order to main- 
tain supersonic flow within the duct system. Pre- 
sented in figure 3(b) are lateral, longitudinal, and 
cross-sectional views through the balance housing 
and duct system. The balance housing geometry con- 
sisted of a combined cone and wedge surface with 
leading-edge surface slopes of 28' and 19', respec- 
tively. These large surface slopes resulted in a signif- 
icant drag penalty and a very complex and nonlinear 
flow field (ref. 9). Shown in figure 4 is a photograph 
of the balance housing and duct arrangement as it 
was mounted underneath the multibody models. Fig- 
ures 3(c) and 3(d) contain details of the inboard wing 
panel and vertical tails. Figures 3(e), 3(f), and 3(g) 
contain details of the delta, arrow, and trapezoidal 
outboard wing panels. Each side body was 30 in. long 
and circular in cross section. The normal area dis- 
tribution of the side body is presented in table 11. 
Photographs of each of the three test models are 
presented in figure 5. 
In an effort to provide a reference geometry for 
comparison, the gross geometry characteristics of 
the multibody models were based upon those of a 
4-percent-scale conventional fighter aircraft model 
reported in reference 10. This model is referred to 
as the single-body model throughout this report. A 
photograph of the single-body model with the delta 
wing in test section 1 of the Langley Unitary Plan 
Wind Tunnel (UPWT) is shown in figure 6. As 
shown in this figure, the single-body model consisted 
of a single fuselage with two side-mounted, flow- 
through, half- axisymmetric inlets, twin vertical tails, 
and a delta wing with a leading-edge-sweep angle of 
65'. 
The three multibody wing planforms shown in 
figure 3 were based on a series of wing planforms 
tested on the single-body models in reference 10. The 
single-body models varied in planform only and were 
part of an investigation to evaluate the planform ef- 
fects on a low-fineness-ratio single-body configura- 
tion at supersonic speeds. However, the design of 
these wing planforms was based not only on super- 
sonic aerodynamic efficiency but also on a preselected 
mission profile as discussed in reference 11. Thus the 
single-body planforms of reference 10 were considered 
to be able to accommodate all speed regimes. 
Presented in figure 7 is a comparison of plan- 
forms for the three single-body models of reference 10 
and the three multibody models. Listed in table I11 
are the geometric characteristics of the reference 
single-body models. The geometric characteristics 
of the multibody models are contained in table I. 
The single-body and multibody models had similar 
areas and spans for each planform shape. The mo- 
ment reference center for each single-body and multi- 
body model was located at the 0.5E location of the 
planform. The same inboard wing panel was used 
throughout the test for the multibody models. The 
outboard wing panel was the component which was 
designed to have a shape similar to the planform on 
the single-body models. 
The single-body model fuselage was also used as 
a reference in designing the side bodies. Presented in 
figure 8 are the fuselage normal area distributions of 
the models. The sum of the volumes of the two side 
bodies on the multibody models was equal to the vol- 
ume of the single fuselage on the single-body models, 
and the sum of the maximum cross-sectional areas of 
the two side bodies was equal to the maximum cross- 
sectional area of the single fuselage. The two side 
bodies were shorter than the single fuselage. In addi- 
tion, the fuselage area distribution for the multibody 
models did not reflect the volume associated with 
the balance housing and duct arrangement which, if 
taken into account, would result in a greater total 
volume and increased maximum cross-sectional area 
compared with the single-body models. 
Stagnation Stagnation 
Mach pressure, temperature, 
number lb/ft2 OF 
Test Description 
The wind-tunnel test program was conducted in 
test section 1 of the Langley Unitary Plan Wind 
Tunnel (ref. 12) at  Mach numbers of 1.60, 1.80, 











I Pressure transducer 
1.80 1154 2 x 106 
2.00 1253 125 2 x 106 
2.16 1349 
The dew point was maintained sufficiently low during 
the force tests to prevent condensation in the tunnel. 
There was a maximum variation in Mach number 
of f0.03. A more detailed description of the wicd- 
tunnel calibrations is given in reference 12. These 
test conditions were similar to those used in the 
single-body model tests (ref. 10). 
Boundary-layer transition-inducing strips of 
No. 60 sand grit were applied 0.2 in. aft of the lead- 
ing edge of all airfoil surfaces, 1.2 in. aft of the nose 
region for the side bodies, and 0.2 in. aft of the in- 
let lip leading edges. The grit size and location were 
selected according to the method of reference 13 to 
ensure fully turbulent flow over the model and inside 
the inlet duct. 
Balance chamber pressure and base pressure were 
measured throughout the test with a pressure trans- 
ducer mounted externally to the wind-tunnel test 
section and connected by pressure tubing to a pres- 
sure probe located in the balance cavity and at the 
model base. Force and moment data were corrected 
to free-stream static pressure at the model base and 
chamber. 
As stated in the Model Description section, the 
balance housing geometry, which consisted of a wedge 
surface bracketing a partially axisymmetric body of 
revolution, resulted in a significant zero-lift drag 
penalty throughout the test. Therefore a nonlinear 
zero-lift drag correction derived in reference 9 was 
applied to the drag data obtained throughout the 







The total pressure and static pressure at the exit 
plane of the ducts were also measured throughout the 
test with a pressure transducer mounted externally 
to the wind-tunnel test section and connected by 
pressure tubing to a pressure probe located at the 
center of the duct exit plane. These measurements 
were then used to correct the experimental data for 
internal duct friction drag. This correction is more 
fully discussed in appendix A. 
Forces and moments were measured with a six- 
component electrical strain-gage balance contained 
within the model and connected through a support- 
ing sting to a permanent model-actuating system in 
the tunnel. Shown in the table below is the error 
associated with the balance and the pressure trans- 
ducers used in this test. 
Load 
f3 .0  lb 
f . 3  Ib 
f1 .5  lb 
f7 .5  in-lb 
f2 .0  in-lb 
f 5 . 0  in-lb 









The external flow force and moment data were 
obtained at  angles of attack from -4' to 20' and 
angles of sideslip from -4' to 8'. All angles of 
attack were adjusted for tunnel flow misalignment 
and for sting and balance deflections. Schlieren 
flow visualization photographs were obtained for each 
configuration. The upper surface of each model was 
photographed at A4 = 1.80 and 2.16 at (Y = Oo, 4 O ,  
and 8'. 
Discussion 
An experimental and theoretical investigation 
of the effect of planform shape on the supersonic 
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aerodynamics of three low-fineness-ratio (x10) multi- 
body configurations has been conducted. Each multi- 
body configuration was tested with and without ver- 
tical tails. Experimental data are discussed first in a 
comparison of the planform effects observed on the 
single body and multibody models. The final sec- 
tion of the paper presents theoretical analysis re- 
sults directed at determining the capability of ex- 
isting linear-theory methods to predict experimental 
data. A tabulation of the force data is contained in 
appendix B. 
Experimental Data 
Within this section of the paper, longitudinal 
aerodynamics, lateral-directional stability, and flow 
visualization data are presented. The longitudinal 
aerodynamics and flow visualization data are pre- 
sented for the three test configurations without the 
vertical tails; the lateral-directional stability data are 
presented for the test configurations with and with- 
out the vertical tails. 
Longitudinal aerodynamic characteristics. Pre- 
sented in figure 9 are the effects of planform on 
the longitudinal aerodynamic characteristics for the 
three multibody configurations at M = 1.80. The 
drag data of figure 9(a) show a variation at  zero lift 
because of changes in planform, with the trapezoidal 
wing having the highest zero-lift drag. It should be 
noted that the zero-lift drag produced by the trape- 
zoidal wing is about 8 percent greater than that pro- 
duced by the more highly swept delta wing and only 
slightly higher than that produced by the arrow wing. 
As also shown in figure 9(a), the trapezoidal wing 
has a lower drag coefficient at the higher lift coeffi- 
cients than either of the more highly swept wings, 
thus indicating that it has better drag-due-to-lift 
characteristics. 
The lift and pitching-moment characteristics are 
presented in figure 9(b). The lift data show a 
linear variation for all three configurations up to 
Q = 8' (CL = 0.2), and the trapezoidal wing has the 
highest lift-curve slope of the three planform configu- 
rations. At angles of attack greater than 8' there is a 
slight decrease in lift-curve slope for all three configu- 
rations. This decrease in lift-curve slope corresponds 
with a change in the slope of the pitching-moment 
curve for all three configurations. These changes in 
the pitching-moment and lift curves may be due to 
near-field interference effects. 
As documented in reference 9, the near-field inter- 
ference effects are predominately caused by the shock 
structure existing between the side bodies. Presented 
in figure 10 are schlieren photographs showing the ef- 
fect of planform on the shock structure at M = 1.80 
and Q = 0'. As would be expected, a change in the 
outboard wing panel has little impact on the shock 
structure between the bodies. As shown in this fig- 
ure, the shock structure consists of an interaction of 
the shocks from the nose of each side body with each 
other shock and the impingement of the nose shock 
onto the opposite side body, the inboard wing panel, 
and the balance housing. The near-field interference 
effects can be broken down into three primary contri- 
butions: effect of body on body, effect of body on in- 
board wing panel, and effect of body on balance hous- 
ing. Presented in figure 11 are schlieren photographs 
showing the effects of planform, Mach number, and 
angle of attack on the shock structure at a sideslip 
angle of 0'. Photographs are presented for angles of 
attack of Oo, 4 O ,  and 8' at M = 1.80 and 2.16 for each 
test configuration. The photographs for Q = 0' show 
that increasing the Mach number decreases the shock 
cone angle and produces a rearward shift in the lo- 
cation of the intersection of the nose shocks and thus 
in the location of the impingement of the body nose 
shock onto the side body. Increasing the angle of 
attack also produces a rearward shift in the shock 
impingement location. The rearward shift with in- 
creasing angle of attack is caused by the rotation and 
distortion of the shock cone emanating from the nose 
of the body. As angle of attack increases the bow 
shock from the balance housing becomes stronger and 
spills over onto the inboard wing panel, as indicated 
by the protrusion of the balancing housing bow shock 
at the leading edge of the unswept inboard wing 
panel. The occurrence of this detached bow shock 
condition interferes with the favorable pressure field 
generated by the body-nose shock system. Another 
effect of increasing angle of attack is that the inboard 
wing panel begins to block the body-nose shock from 
the upper surface of the configuration and diminishes 
the strength of the shock system over the leeward side 
of the inboard wing panel. A more thorough discus- 
sion of the shock system can be found in reference 9. 
Presented in figure 12 are the effects of planform 
and Mach number on the longitudinal aerodynamic 
characteristics of the multibody model. The data 
presented on the left in figure 12(a) indicate that vari- 
ations in zero-lift drag result from changes in plan- 
form, with the maximum variation being approxi- 
mately 11 percent. The variation between planforms 
is fairly consistent over the Mach number range. The 
variations in drag-due-to-lift factor with Mach num- 
ber, presented on the right in figure 12(a), show that 
the trapezoidal wing has lower (and therefore bet- 
ter) drag due to lift than the more highly swept 
wings. The drag-due-to-lift factor also increases with 
increasing Mach number for each configuration. 
The data presented on the left in figure 12(b) 
show that the trapezoidai wing has the highest 
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lift-curve slope of the three planforms for the test 
Mach number range. The lift-curve slope of the 
trapezoidal wing also decreases more rapidly with 
increasing Mach number than the slope of the more 
highly swept wings. This effect can be related to 
the fact that the trapezoidal wing has a supersonic 
leading-edge condition (pcot A > 1) while the more 
highly swept wings have a subsonic leading-edge con- 
dition (pcotA < 1). These conditions are readily 
shown in the schlieren photographs of figure 10. Ex- 
perimental data (ref. 14) show that for a supersonic 
leading edge, ~ C L ,  remains constant as p cot A in- 
creases; thus, CL, decreases by l /p .  However, for 
a subsonic leading edge, since ~ C L ,  increases as 
@cot A increases, CL, does not decrease as rapidly 
as p (and therefore Mach number) increases for the 
highly swept wings. 
The longitudinal stability data, presented on the 
right in figure 12(b), indicate that planform has a 
significant effect on the stability level such that the 
arrow wing is more longitudinally stable at  all Mach 
numbers. This trend can be explained in the follow- 
ing manner. Although the moment center locations 
(0.55, see table I) of the delta and arrow wings are 
approximately equal, the aerodynamic center of the 
arrow wing is farther aft because of the higher sweep; 
therefore, the arrow wing has the more downward 
pitching moment, which contributes to the greater 
longitudinal stability. On the other hand, because of 
the lack of sweep of the trapezoidal wing, the moment 
center location is more forward than that of the delta 
wing and, likewise, the aerodynamic center is shifted 
forward by approximately the same amount. Hence, 
the trapezoidal and delta wings have comparable lon- 
gitudinal stability. A more significant observation of 
these data is that the longitudinal stability level for 
each configuration increases slightly with increasing 
Mach number. This observation is thought to result 
from the dominating effects of the interference of the 
body on body and the body on inboard wing panel 
and is discussed more fully in a subsequent section. 
Lateral-directional stability characteristics. In 
order to aid further configuration development of 
the multibody concept, other critical aerodynamic 
parameters need to be investigated. In this test 
an extensive amount of data has been obtained on 
the lateral-directional stability characteristics of each 
test configuration both with and without the twin 
vertical tails. Force and moment data were obtained 
at Mach numbers of 1.80 and 2.16 over a range of 
angles of sideslip at a = 0' and 8' to ensure the 
linearity of the lateral-directional aerodynamic char- 
acteristics. The lateral-directional stability deriva- 
tives were then computed with data from correspond- 
ing ranges of angles of attack at p = 0' and 4'. 
A summary of the lateral-directional stability char- 
acteristics is contained in figures 13 to 15. 
Comparisons of the lateral and directional sta- 
bility characteristics of each test configuration with- 
out the twin vertical tails at a Mach number of 1.80 
are presented in figures 13(a) and 13(b). The lat- 
eral and directional stability characteristics show a 
strong dependence on planform leading-edge sweep. 
The lateral stability data of figure 13(a) show that all 
configurations exhibit a stable dihedral effect, with a 
change occurring in the slope of the curves at  a = 8' 
for the delta and trapezoidal wing configurations and 
at a = 4' for the arrow wing configuration. This 
characteristic was discussed in reference 9 for the 
delta wing configuration. The delta-wing-alone con- 
figuration (no side bodies) of reference 9 exhibited a 
stable dihedral effect which increased with increas- 
ing angle of attack up to 12' and then leveled off to 
a constant value. Adding the side bodies produced 
a destabilizing effect up to a = 8' and a stabilizing 
effect for LY > 8'. As shown in figure 13(a), the sta- 
ble dihedral effect of the trapezoidal wing does not 
increase with angle of attack as quickly as that of the 
highly swept wings. Therefore, for angles of attack 
greater than 8' the stabilizing effect of the side bod- 
ies (discussed in ref. 9) is probably more prominent 
for the trapezoidal wing than for the more highly 
swept wings. The observation of differing dihedral 
effects based on wing sweep can be related to the 
fact that the more highly swept wings have an asym- 
metric separated flow (vortex) occurring at the lead- 
ing edge while the flow over the trapezoidal wing is 
characterized as attached (ref. 15). The asymmet- 
ric separated flow for the highly swept wings cre- 
ates an asymmetric wing loading which is greater 
on the windward side than on the leeward side, as 
shown in the experimental and theoretical data of 
reference 16. This behavior results in the stable di- 
hedral effect associated with the highly swept wings. 
The directional stability characteristics presented in 
figure 13(b) show that all three configurations are 
unstable. These characteristics were also discussed 
in reference 9 for the delta wing configuration. The 
delta-wing-alone configuration (no side bodies) was 
slightly unstable. Adding the side bodies produced 
a destabilizing effect. Since side force does not vary 
dramatically with a change in planform, the fact that 
the trapezoidal wing configuration is not as direction- 
ally unstable as the more highly swept wing configu- 
rations can be explained by the fact that the moment 
center of the trapezoidal wing configuration was lo- 
cated more forward than that of the highly swept 
wing configurations. 
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Comparisons of the lateral and directional stabil- 
ity characteristics for the three configurations with 
and without the vertical tails at  a Mach number of 
1.80 are presented in figures 14(a) and 14(b). The 
data of these figures show that adding the twin ver- 
tical tails increases both lateral and directional sta- 
bility. The data of figure 14(a) show that angle of 
attack does not affect this stabilizing effect for the 
lateral stability characteristics. However, the direc- 
tional stability data of figure 14(b) show that the 
vertical tails become less effective at angles of at- 
tack greater than 8'. This loss of tail effectiveness is 
probably caused by a blanketing effect of the tail by 
the body and wing wakes. These observations were 
documented in reference 9 for the delta wing configu- 
ration. The data of figure 14 indicate that planform 
does not significantly influence the effectiveness of 
the vertical tails. 
Comparisons of the lateral and directional sta- 
bility characteristics of the three configurations with 
vertical tails at M = 1.80 and 2.16 are presented 
in figures 15(a) and 15(b). The data clearly show 
a loss in lateral and directional stability for all con- 
figurations as Mach number increases from 1.80 to 
2.16. The loss in lateral stability for the highly swept 
wings as Mach number increases for angles of attack 
less than 8' can be related to the fact that the flow 
is approaching an unseparated flow condition at the 
leading edge (i.e., the effective dihedral is decreas- 
ing). For angles of attack greater than 8', the loss in 
lateral stability as Mach number increases is proba- 
bly due to a decrease in the stabilizing effect from the 
side bodies because of changes in the near-field inter- 
ference. The loss in directional stability is thought 
to be due to a loss in vertical-tail effectiveness with 
increasing Mach number. 
Multibody Assessment 
As stated in the Model Description section, the 
low-fineness-ratio single-body models of reference 10 
were used as reference geometries in designing the 
multibody model and interchangeable outboard wing 
panels. However, as can be observed in figure 7, the 
planforms for the single-body and multibody mod- 
els are too fundamentally different to conduct a one- 
on-one comparison between the models. Instead, a 
comparison between the planform effects observed 
on the single-body and multibody configurations was 
conducted in order to assess the aerodynamic perfor- 
mance benefits of the multibody concept as applied 
to low-fineness-ratio configurations. 
The three single-body configurations were tested 
in the Langley Unitary Plan Wind Tunnel. The 
data of this test are recorded in reference 10. The 
three configurations differed in wing planform only, 
as is evident in table I. Each configuration was 
tested with the twin vertical tails attached. Thus, in 
order to compare these data with the tail-off data 
obtained on the multibody configurations, a drag 
correction was applied to the single-body data. This 
drag correction was derived from a study of com- 
ponent drag buildup conducted in reference 10. The 
trapezoidal wing configuration data were further cor- 
rected for the zero-lift drag contribution from the 
horizontal tails. Therefore, a direct comparison be- 
tween the single-body and multibody configurations 
for pitching-moment characteristics is not carried 
out. The pitching-moment center for each configura- 
tion was located at the 0.5E location of its planform. 
Presented in figure 16 are the longitudinal char- 
acteristics for the three single-body configurations at 
M = 1.80. The drag data of figure 16(a) show a 
variation at zero lift because of changes in planform 
such that the trapezoidal wing has the higher C D , ~  
value. The value of C D , ~  produced by the trape- 
zoidal wing is approximately 40 percent greater than 
that produced by the more highly swept delta wing. 
Also shown in the drag data of figure 16(a) is that at 
the higher lift coefficients the trapezoidal wing has 
a significantly lower drag coefficient than either of 
the more highly swept wings, thus indicating it has 
better drag-due- to-lift characteristics. 
The lift and pitching-moment characteristics of 
the single-body configurations are presented in fig- 
ure 16(b). The lift data show the trapezoidal wing 
has the higher C L ~  value. The pitching-moment 
curve of the trapezoidal wing is very different than 
those of the more highly swept wings. This was not 
the observation made on the multibody configuration 
data. This observation is due to the contribution to 
the pitching moment of the trapezoidal wing config- 
uration horizontal tail. Thus, the trapezoidal wing 
configuration was not considered in the comparison 
of planform effects on the longitudinal stability for 
the single-body and multibody models. 
Shown in figure 17 is the effect of planform and 
lift coefficient on the lift-drag ratio at  M = 1.80 
for the single-body models. Shown in figure 18 is 
the effect of planform and lift coefficient on L/D at 
M = 1.80 for the multibody models. The trends 
observed here are typical of those observed at all 
test Mach numbers. At CL = 0.1 (a typical cruise 
condition), the data of figure 17 indicate that the 
single-body trapezoidal wing configuration has an 
L/D value that is 28 percent less than those of the 
more highly swept single-body delta wing configura- 
tion. However, the data of figure 18 indicate that for 
a CL = 0.1, the multibody trapezoidal wing con- 
figuration has an L/D value that is only 3.5 per- 
cent less than that of the multibody delta wing 
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configuration. At a CL = 0.3 (a typical maneuver 
condition), the data of figures 17 and 18 show that 
for both the single-body and multibody models, the 
trapezoidal wing has an L/D value which is 12 per- 
cent greater than that observed on the more highly 
swept delta wing. Thus, the multibody concept ap- 
pears to allow a trapezoidal wing to be employed with 
very little effect on cruise performance (CL = 0.1) 
while retaining the higher performance characteris- 
tics of the wing at  maneuver conditions(CL = 0.3). 
Theoretically, for a flat wing, the drag-due-to-lift 
factor is inversely proportional to the lift-curve slope. 
A comparison between the measured n c D / A c i  
and the computed A c D / A c i  (computed using ex- 
perimental CL, ) for the single-body models across 
the Mach number range is presented in figure 19. 
In figure 20, a similar comparison is made for the 
multibody models. The results of figure 19 indi- 
cate a good correlation in the measured and com- 
puted A c D / A c i  values for the single-body models. 
However, the computed values of the more highly 
swept wings are consistently greater than the mea- 
sured values. This behavior is a typical result for 
highly swept wings with a subsonic leading-edge con- 
dition experiencing suction at  the leading edge. It 
should be noted that because the trapezoidal wing 
has a supersonic leading-edge condition, the mea- 
sured AC,/ACi data agree more closely with the 
computed values, as would be expected. None of 
these trends occurs for the three multibody configu- 
rations, as shown in the results of figure 20. In fact, 
the measured and computed AC,/ACi curves for 
both the delta and trapezoidal wing configurations 
cross in the test Mach number range. This behav- 
ior suggests the existence of near-field interference 
effects resulting from the complex flow field between 
the outboard wing panel and the other configuration 
components at  all Mach numbers. 
Presented in figure 21 are the effects of Mach 
number and planform on the pitching moment for the 
single-body models. The pitching-moment curves for 
the delta and trapezoidal wing configurations indi- 
cate increasing longitudinal stability with increasing 
angle of attack over the test Mach number range. 
However, the arrow wing configuration has an unsta- 
ble break in the pitching-moment curve at  a = 4' 
which is especially pronounced at  the lower Mach 
numbers. As shown in figure 22 (from ref. lo), this 
break can be attributed to a strong spanwise flow 
region along the wing trailing edge, which results in 
flow separation at the trailing edge at  moderate an- 
gles of attack. 
Presented in figure 23 are the effects of Mach 
number and planform on the pitching moment for 
the multibody models. The break in the pitching- 
moment curve for the single-body arrow wing config- 
uration is also present for the multibody arrow wing 
configuration. However, near a = 8' a break occurs 
in the pitching-moment curves for all three multi- 
body configurations. This break is probably the re- 
sult of the interference effects discussed earlier. One 
possible explanation of the mechanism is related to 
the bow shock from the balance housing noted in 
the photographs of figure 11 for a = 8' at  both 
M = 1.80 and M = 2.16. This bow shock is thought 
to spill over onto the inboard wing panel and interfere 
with the shock system of the nose shocks in such a 
manner so as to move the aerodynamic center signif- 
icantly and cause the break in the pitching-moment 
curves. 
Presented in figure 24 is the effect of Mach num- 
ber on the longitudinal stability for the highly swept 
wing configurations for both the single-body and 
multibody models. It should be noted that the 
longitudinal stability is computed at  zero lift, and 
thus the above flow-field nonlinearities .do not affect 
this parameter for Mach numbers greater than 1.60. 
The data on the left in figure 24 indicate that for 
the single-body models the longitudinal stability de- 
creases with increasing Mach number. The opposite 
trend occurs on the multibody models, as observed 
in the data on the right in figure 24. One explanation 
for this observation is related to near-field interfer- 
ence effects. The interference of the body on body 
and the body on center wing panel dominate the loca- 
tion of the aerodynamic center at  the lower angles of 
attack. As Mach number increases the shock system 
governing these interference effects becomes stronger 
and further dominates the location of the aerody- 
namic center. The apparent ability of the multibody 
concept to maintain a constant or increasing level 
of longitudinal stability with increasing Mach num- 
ber could have a significant impact on future design 
studies. 
Presented in figure 25 is the effect of planform 
on the lateral-directional stability characteristics for 
the single-body models with vertical tails on at 
M = 1.80. The lateral stability data of figure 25(a) 
indicate that all three configurations are stable lat- 
erally. The trapezoidal wing is the least stable of the 
three configurations but becomes more stable with 
increasing angle of attack above a = 8'. The ar- 
row wing becomes less stable with increasing angle 
of attack above a = 4'. These trends with changes 
in angle of attack and planform also occur on the 
multibody configurations, as shown in figure 14(a). 
The directional stability data of figure 25(b) in- 
dicate that all three single-body configurations are 
directionally stable at  a = 0'. As angle of attack 
increases all three configurations decrease in 
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stability until eventually all three are directionally 
unstable. The single-body delta wing configuration 
does not decrease in stability as rapidly as the other 
configurations as angle of attack increases. The 
trends with changes in angle of attack and planform 
are not the same for the multibody configurations, as 
shown in figure 14(b). All three multibody configura- 
tions are significantly more stable at a = 0' than the 
single-body configurations. The more highly swept 
wing multibody configurations have slightly increas- 
ing stability up to a = 8', at which point the stability 
begins to decrease as angle of attack increases. The 
trapezoidal wing multibody configuration decreases 
steadily in stability as angle of attack increases. How- 
ever, none of the multibody configurations become 
unstable in the angle-of-attack range tested. 
Theoretical Analysis 
Two linear-theory supersonic aerodynamics pre- 
diction codes were selected for the theoretical analy- 
sis. These codes were an arbitrary-geometry far-field 
wave-drag code (ref. 17) and the Supersonic Design 
and Analysis System (SDAS) code (ref. 18). 
SDAS is an integrated system of linear theory 
and slender-body theory computer programs that 
has been developed for the design and analysis of 
supersonic configurations. Included in the system of 
codes are the lift analysis method of reference 19 and 
the skin friction code of reference 20. 
The methods of references 17 and 20 were used 
to obtain the zero-lift drag characteristics, and the 
method of reference 18 was used to obtain the lift, 
pitching-moment, and drag-due-to-lift characteris- 
tics. Shown in figure 26 are the zero-lift drag the- 
oretical model and the lift analysis theoretical model 
of the delta wing configuration. 
A theoretical and experimental comparison of the 
effects of planform and Mach number on the longitu- 
dinal aerodynamic characteristics is presented in fig- 
ure 27. The zero-lift drag data of figure 27(a) indicate 
that the theoretical codes do not consistently predict 
the correct trend with changes in planform but do 
predict the correct trend with Mach number. How- 
ever, the theoretical codes predict that the changes 
in C D , ~  with respect to changes in planform are sim- 
ilar to those found experimentally. The observation 
that planform has little influence on the C D , ~  of the 
multibody concept can be explained from a linear- 
theory viewpoint. For a single-body configuration 
the effective aerodynamic fineness ratio, and thus the 
wave drag, is dictated by the wing planform, result- 
ing in a nonsmooth area distribution. However, the 
effective aerodynamic fineness ratio of a multibody 
configuration is dictated by both the wing planform 
and the body which result in a much smoother area 
distribution and thus lower wave drag. The drag- 
due-to-lift data of figure 27(a) indicate that the lift 
analysis method is adequate for predicting the effect 
of planform and Mach number. 
The lift-curve-slope data of figure 27(b) show that 
the lift analysis method predicts the correct trend 
with respect to changes in planform and Mach num- 
ber. On the right in figure 27(b), the longitudinal 
stability data indicate that theory overpredicts the 
stability of the configuration. However, the theory 
did predict the arrow wing as being the most longi- 
tudinally stable of the three configurations, as was 
found experimentally. These observations are consis- 
tent with previous applications of the theory. 
Conclusions 
An experimental and theoretical investigation of 
the effects of planform on the supersonic aerodynam- 
ics of low-fineness-ratio multibody configurations has 
been conducted in the Langley Unitary Plan Wind 
Tunnel at Mach numbers of 1.60, 1.80, 2.00, and 
2.16. Longitudinal and lateral-directional aerody- 
namic force and moment data and flow visualization 
photographs were obtained for three multibody con- 
figurations. The zero-lift drag data showed that the 
trapezoidal wing has slightly higher drag than the 
more highly swept wings. In general, the data indi- 
cated that planform has a small effect on the zero-lift 
drag of a multibody configuration. In contrast, the 
longitudinal aerodynamics data obtained at lifting 
conditions indicated that planform has a significant 
effect on the lift, pitching-moment, and drag-due-to- 
lift characteristics of the multibody configurations. 
Specifically, the trapezoidal wing had a higher lift- 
curve slope and better drag-due-to-lift characteristics 
than the more highly swept wings. The arrow wing 
had the greatest longitudinal stability. The longitu- 
dinal stability for all three configurations increased 
slightly with increasing Mach number for Mach num- 
bers from 1.60 to 2.00. Although planform signifi- 
cantly affected the lateral-directional stability of the 
multibody configurations, the data did not uncover 
any unusual stability traits associated with the multi- 
body configurations. 
A comparison study was made between the plan- 
form effects observed on single-body and multibody 
configurations. Results from this study indicate that 
the multibody concept offers a mechanism for em- 
ploying a low-sweep wing such as the trapezoidal 
wing with no significant increase in zero-lift drag 
while retaining high-performance characteristics at 
high lift conditions. In general, the study showed 
that the single-body and multibody configurations 
experience the same planform effects for the lift, 
drag-due-to-lift, and lateral stability characteristics. 
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However, planform does not appear to affect the zero- 
lift drag of the multibody configurations as drasti- 
cally as it does on the single-body configurations. 
Also, in contrast to the trend found on the single- 
body configurations, the multibody configurations 
experienced increasing longitudinal stability with in- 
creasing Mach number. 
Evaluation of the linear-theory prediction meth- 
ods revealed a general inability of the methods to 
predict the characteristics of low-fineness-ratio multi- 
body geometries. However, the methods did pre- 
dict the correct trends in the lift, pitching-moment, 
and drag-due-to-lift characteristics with variations 
in Mach number and planform. The methods also 
predicted the correct change in zero-lift drag with 
variations in Mach number, but not with variations 
in planform. However, the methods did predict that 
the change in zero-lift drag due to variations in plan- 
form was small, as was found experimentally. 
NASA Langley Research Center 
Hampton, Virginia 23665-5225 
October 13, 1987 
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Table I. Geometric Characteristics of Multibody Model Components 
Strongback: 
Length, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.000 
Base area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.697 
Chamber area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.863 
Capture area (total), in2 . . . . . . . . . . . . . . . . . . . . . . . . .  
Exit area (total), in2 . . . . . . . . . . . . . . . . . . . . . . . . . .  3.399 
Area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.615 
Span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.000 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . .  4-percent biconvex 
Area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28.881 
ALE, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.006 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.745 
Semispan, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.200 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . .  4-percent biconvex 
Length, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.000 
Area distribution, in2 . . . . . . . . . . . . . . . . . . . . . . . .  See table I1 
Cross-sectional shape . . . . . . . . . . . . . . . . . . . . . . . . .  Circular 
Area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39.170 
ALE, deg 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 ATE, deg 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Semispan, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.596 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . .  4-percent biconvex 
Area (reference), in2 . . . . . . . . . . . . . . . . . . . . . . . . . .  182.340 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wing reference chord, in. 
Area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.515 
ATE (outer), deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31.79 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Semispan, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.000 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . .  4-percent biconvex 
3.000 
Center wing panel: 
ALE, deg 
ATE, deg 
Vertical tail (each): 
ATE, deg 
Side body (each): 
Delta outboard wing panel (each): 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
1.600 
Total delta planform: 
2.020 
. . . . . . . . . . . . . . . . . . . . . . . .  11.160 
Z, in. 1.841 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Arrow outboard wing panel (each): 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
ALE (inner), deg 
ALE (outer), deg 
ATE (inner), deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
1.920 
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Table I. Concluded 
Total arrow planform: 
Area (reference), in2 . . . . . . . . . . . . . . . . . . . . . . . . .  179.030 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.234 
Wing reference chord, in. . . . . . . . . . . . . . . . . . . . . . . . .  10.920 
?,in.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.253 
Area, in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.410 
ALE, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
ATE, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 20 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.090 
Semispan, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.810 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . .  4-percent biconvex 
Area (reference), in2 . . . . . . . . . . . . . . . . . . . . . . . . . .  192.820 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.421 
Wing reference chord, in. . . . . . . . . . . . . . . . . . . . . . . . .  10.160 
5 ,  in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.420 
Trapezoidal outboard wing panel (each): 
Total trapezoidal planform: 
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Table 11. Normal Area Distribution of Side Body 













































Table I11 . Geometric Characteristics of Single-Body Model Components 
Fuselage: 
Length. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.200 
Base area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.118 
Chamber area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.667 
Capture area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.401 
Exit area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.074 
Inlet area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.997 
Area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.211 
ALE. deg 60 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 ATE. deg 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.100 
Semispan. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.664 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64A005 
Area. in2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24.336 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 ALE. deg 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 ATE. deg 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. 000 
Semispan. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.300 
Airfoil section (root chord) . . . . . . . . . . . . . . . . . .  5-percent biconvex 
Airfoil section (tip chord) . . . . . . . . . . . . . . . . . .  3-percent biconvex 
Area (reference). in2 . . . . . . . . . . . . . . . . . . . . . . . . . .  200.747 
ALE. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65.5 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.490 
Span. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.270 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64A005 
Wing reference chord. in . . . . . . . . . . . . . . . . . . . . . . . . .  14.327 
Z. in 13.626 
Area (reference). in2 . . . . . . . . . . . . . . . . . . . . . . . . . .  165.600 
70 
ALE (outer). deg 66 
0 
ATE (outer). deg 50 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.900 
Span. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.618 
Airfoil section (0.30 semispan) . . . . . . . . . . . . . . . . . . . . .  65A004 
Airfoil section (root chord) . . . . . . . . . . . . . . . . . . . . . . .  65A004 
Wing reference chord. in . . . . . . . . . . . . . . . . . . . . . . . . .  12.340 
3. in 14.876 
Vertical tail (each): 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Horizontal tail (each): 
Delta wing: 
ATE. deg -6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Arrow wing: 
ALE (inner). deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ATE (inner). deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Table 111. Concluded 
Trapezoidal wing: 
Area (reference), in2 . . . . . . . . . . . . . . . . . . . . . . . . . .  149.760 
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Trailing-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  -20 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.500 
Span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.894 
Airfoil section (root chord) . . . . . . . . . . . . . . . . . .  4-percent biconvex 
Airfoil section (tip chord) . . . . . . . . . . . . . . . . . .  3-percent biconvex 
5, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.144 


















































































































-+ 1.200 tt- 
37O 
5.200 
(d) Vertical tail. 
Figure 3. Continued. 
t4-+ 1.000 
(e) Details of delta outboard wing panel. 
Figure 3. Continued. 
5.596 
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(f) Details of arrow outboard wing panel. 
Figure 3. Continued. 
b- 9.000 -4 
x = 2.0 
(g) Details of trapezoidal outboard wing panel. 
Figure 3. Concluded. 
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(a) Drag characteristics. 




(b) Lift and pitching-moment characteristics. 
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(a) Lateral stability characteristics. 
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(b) Directional stability characteristics. 
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(a) Lateral stability characteristics. 




W i t h o u t  W i t h  
v e r t i c a l  t a i  I vertical t a i  I 
_ - - -  - 









(b) Directional stability characteristics. 
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(a) Lateral stability characteristics. 
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(b) Directional stability characteristics. 
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(a) Drag characteristics. 
Figure 16. Effect of planform on longitudinal characteristics for singlebody models at M = 1.80. 
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(b) Lift and pitching-moment characteristics. 
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Figure 19. Variation of measured and computed drag-due-to-lift factor for single-body models. 
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(a) Lateral stability characteristics. 
Figure 25. Effect of planform on lateral-directional stability characteristics for single-body models at 





















(b) Directional stability characteristics. 
Figure 25. Concluded. 
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Internal Duct Friction Drag Correction 
Experimental internal flow data were obtained 
for each configuration at all test conditions. The 
purpose of these measurements was to provide local 
flow conditions so as to calculate skin-friction drag. 
The two flow-through ducts were located on the lower 
surface of the inboard wing panel and bracketed the 
balance housing, as shown in figure A l .  The two 
flow-through ducts were designed with a linear area 
growth of 1.13 to account for the boundary layer in 
order to maintain supersonic flow within the duct 
system. Cross-sectional views of the balance housing 
and duct system are presented in figure A l .  
The duct Mach number was obtained by measur- 
ing the total pressure and the static pressure at ap- 
proximately the center of the duct exit plane. The 
pressures were measured by a pressure transducer 
mounted externally to the wind-tunnel test section 
and connected by pressure tubing to a pressure probe 
located at the center of the duct exit plane. 
The computed duct Mach number MD was thus 
obtained for each configuration at all test conditions 
under the assumption that MD did not vary down 
the length of the duct. The duct Mach number did 
not vary with configuration. This observation can be 
explained by examining the shock structure as rep- 
resented in the schlieren photographs of figure A2. 
This figure shows the effect of planform, Mach num- 
ber, and angle of attack on the shock structure at a 
sideslip angle of p = 0'. Photographs are presented 
for angles of attack of O o ,  4O, and 8' at M = 1.80 and 
2.16 for each test configuration. The photographs of 
figure A2 show that the shock structure between the 
bodies did not significantly vary with a change in 
outboard wing panel. 
The variation of duct Mach number with angle 
of attack and free-stream Mach number is presented 
in figure A3. Duct Mach number is below the 
free-stream Mach number at Q = 0' because of 
the presence of the nose shocks ahead of the duct 
inlet. Figure A3 also shows that MD decreases with 
increasing angle of attack, leveling off to a value of 
1.3 at high angles of attack. The decreasing trend 
of MD is the result of a shock occurring at the duct 
entrance, which becomes stronger as angle of attack 
increases. Figure A3 shows that the point at  which 
M D  levels off occurs at higher angles of attack as free- 
stream Mach number increases. One explanation 
for this observation could be the interference of the 
bow shock from the balance housing on the duct 
system. The bow shock can be seen in the schlieren 
photographs of figures A2 and A4. In both of these 
figures it is shown that at the free-stream Mach 
number of 2.16 the bow shock lies closer to the 
center body and does not detach as quickly as angle 
of attack increases than at the lower Mach number 
of 1.80. It should also be noted that there is a 
discontinuity occurring in the duct Mach number 
around a = 0' for free-stream Mach numbers of 
2.00 and 2.16 (see fig. A3). At these conditions, 
figure A4 shows that the bow shock from the balance 
housing would not significantly interfere with the 
duct inlet flow, as would occur at the lower Mach 
numbers. However, as angle of attack is increased, 
the bow shock becomes detached and interferes with 
the duct inlet flow, creating a condition similar to 
that observed at Q = 0' and M = 1.80. This drastic 
change in inlet flow conditions could account for the 
discontinuity in duct Mach number around Q = 0' 
at M = 2.00 and 2.16. 
As stated previously, in order to experimentally 
measure the duct Mach number, it was assumed 
that Mach number did not vary down the length 
of the duct. Thus MD can be theoretically deter- 
mined through the use of oblique shock relationships 
(ref. 21) to calculate the Mach number at the en- 
trance of the duct for positive angles of attack, and 
expansion theory (ref. 21) is used to calculate MD 
for negative angles of attack. For these calculations 
the duct Mach number measured at  cy = 0' was used 
as the inlet entrance Mach number at all angles of 
attack, except for Mach numbers 2.00 and 2.16. Be- 
cause of the discontinuity discussed above, the inlet 
Mach number for M = 2.00 and 2.16 was ca.lculated 
by extrapolating to Q = 0' from the positive angles 
of attack. Simple shock and expansion relationships 
from reference 20 were then used to calculate the 
variation in duct Mach number with angle of attack 
resulting from the compression or expansion occur- 
ring at the inlet lip. 
Presented in figure A5 is a comparison of the 
experimental and theoretical values of the duct Mach 
number. As was expected, because the body shock 
and the balance housing shocks were not accounted 
for, theory did not predict the leveling off of M D  
with increasing angles of attack or the discontinuity 
at  Q = 0' for the higher Mach numbers. However, 
theory did adequately predict the duct Mach number 
elsewhere, a fact substantiating the assumption of 
duct Mach number being constant throughout the 
duct. 
The internal duct drag was calculated with the 
skin-friction code of reference 20. This code used 
the T' method in which flat-plate, adiabatic-wall, 
and turbulent boundary-layer conditions are as- 
sumed. Input into the code were the experimentally 
measured Mach number, the duct length, and the 
57 
wind-tunnel temperature and Reynolds number con- 
ditions. The duct geometry input was represented as 
a flat plate. 
The internal duct drag was calculated for each 
configuration at  all test conditions. The variation of 
internal duct drag with Mach number and angle of 
attack is presented in figure A6. The variation of 
internal duct drag with Mach number and sideslip 
angle is shown in figure A7. 
, 
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Figure A3. Effects of angle of attack and free-stream Mach number on duct Mach number. 
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Figure A4. Schlieren photographs of strongback alone showing effects of Mach number and angle of attack at 
p = OO. 
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Force and Moment Data 
The tabulated force and moment data were reduced with respect to the wing mean chord plane. Table B1 
gives the column headings which appear in the tabulated data and identifies their corresponding symbols. 
Table BII is an index to the tabulated data which are presented in table BIII. 
Table BI. Tabulated Data Symbols 
Tabulated data heading 
Definition 
Both axis: 
ALPHA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
BETA P 
CM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Crn 
CY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cy 
MACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Body axis: 
CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C A  
CAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c A , c  
CLB Cl 
CN C N  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CAB CA,b  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CNB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C n  
RIFT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R 
Stability axis: 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C D  
CDC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c D , c  
CL CL 
CLS Cl 
CNS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C n  
L/D LID 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CDB C D , b  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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B W l F  
B W l F  
B W l F  
B W l F  
B W l F  
B W l F  
B W l F  
B W l F  
B W l F  




















































































P )  deg 































a The term “Sweep” indicates data given for entire angle-of-attack range. 
The term “Sweep’) indicates data given for entire angle-of-sideslip range. 
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P,  deg 































a The term “Sweep” indicates data given for entire angle-of-attack range. 
The term “Sweep” indicates data given for entire angle-of-sideslip range. 
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Table BIII. Force and Moment Data 













































































. m a 5  




. O O O l  
.0001 - .oooo 
- .oooo 
. O O O l  
- .0003 - .0002 - .0003 - .0003 
- .0001 
.0002 
CNB - .0003 - .0003 - .0003 - .0003 - .0003 
-.0002 
-.0001 



















S TARSL STY AX1 S DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
L / D  
-1.4846 
4 2 5 8 2  













. O 1  -4.11 
.OO -2.15 
.OO -1.16 

















































.o i a5  
. o x 8  
CLS 
.0003 































































































UPWT P R O J E C T  1460 
Table BIII. Continued 
RUN 24 MACH 1.80 















BETA . 00 . 00 . 00 





































































-.0002 - .0004 
-.0005 - .0007 - .0004 - .0003 
-.0002 









- .0001 -. 0000 
-.0001 

















S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
T,/D 
-5.4785 


































































C L S  . 0001 
- . 0 0 1  . 000 1 
.0001 


























































































Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 25 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE ANT) CHAMBER PRESSURES 
R/  FT 
2.903 
2.004 
























































































S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  I 



























































- .0083 - .0003_ 
CY 
.0137 
.0065 . 0001 
- .0061 
-.0134 























Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 26 MACH 1.80 



























































































































































































UPWT P R O J E C T  1460 
Table BIII. Continued 
RUN 27 MACH 1.80 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 






















































































-.0012 -. 0022 
- .0028 -. 0038 






















- .0142 -. 0140 

















































































































-.0139 -. 0140 
- .0144 
-.0156 
































CAR . 000 5 
.0005 
















.0004 . 000 4 
.0004 
.0004 






Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 29 MACH 2.00 















BETA . 00 . 00 . 00 



































CA CM CLR CNB CY 













S T A B I L I T Y  AXTS DRAG CORRECTED FOR 






































































.0001 . 000 2 
.000.3 






























































- .0001 -. 0000 
.0000 
.oooo 







































































Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 30 MACH 2.16 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAF4BER PRESSURES 
R I F T  BETA ALPHA CN CA CM CLR CNB CY 
2 .ooo .OO -4.22 -.1314 .0138 -.0028 .0003 -.0002 -.0006 
2.002 .OO -2.17 -.0569 
2.003 .OO -1 .21  -.0223 
2.004 .OO -.18 .0146 
2.005 . 00 .77 .O476 
2.005 .OO 1.78 .0829 
2.005 -.OO 3.81 .1564 
2.003 -.OO 4 .81 .1924 









2.005 - .O1 11.78 .4289 .0239 
2.002 -.01 15.79 .5678 ,0262 
2.003 -.01 19.85 .7053 -9288 
2.003 .OO -.17 .0159 .0170 
STAR I L I T Y  AX1 S DRAG CORRECTED FOR 






















































































































C L S  
.Om3 . 000 1 
- .oooo 
. O O O 1  
-.0002 
- .0002 









- .0002 -. 0002 











































































.0002 , . 000 3 
.0003 
e0004 1 
Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 31 MACH 2.16 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 































































ALPT1A -. 17 



























































































































I Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 32 MACH 2.16 







2 A 0 3  
1.992 





































































- .0244 -. 0343 
.0017 
S T A B I L I T Y  A X I S  DRAG CORRECTED FOR RASE AND CHAMBER PRESSURES 


























































- .OO32 -. 0060 

















































.0002 . 000 3 





Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 33 MACH 2.16 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 
























































































































































































































































.0003 . 000 3 























lJPWT P R O J E C T  1460 
Table BIII. Continued 
RUN 35 MACH 1.60 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE ANT) CHAMBER PRESSURES 























































































- .0001 -. 0003 
-.0001 
.0001 





S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER 



























- . O l  - . l h  


















































































































.0005 . 000 5 











Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 36 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 
S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U Q E S  
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UPWT P R O J E C T  1460 
Table BIII. Continued 
RUN 37 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 












































S T A B I L I T Y  AXIS DRAG CORRECTED FOR 


























































































































































Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 38 MACH 1.80 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 








































































STAB I L I TY AX I S DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  






















































C L S  
.0084 




























































Table BIII. Continued 
























































BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 
















- .0019 - .0034 
.0036 -.OO51 
.0069 -.0057 















































































































































































Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 40 MACH 2.00 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 










































CA CM CLR CNB CY CAC CAB 













S T A B I L I T Y  A X I S  DRAG CORRECTED FOR 










































































- .OOOl -. 0002 
- .0002 
- .0002 







































































- .0010 -. 00013 

























































Table BIII. Continued 
UPWT P R O J E C T  1460 RTJN 41 MACH 2.16 










































































-.0001 . 0001 




- . O O O l  
-.0001 . 0000 
S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMSER 

























- . O l  11.79 
-.01 15.83 
-.01 19.78 
-.OO - .21  
CL -. 1297 
























. n i m  

































































































Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 42 MACH 2.16 
BODY AX1 S AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 
R / F T  BETA ALPHA 
2.000 -4.00 -.19 
2.000 -1.99 -.20 
2.001 -.00 -.21 
2.001 2.01 -.21 
2.003 4.03 -.21 
2.003 6.04 -.20 
2.004 8.09 -.19 
2.006 -.OO -.21 






























- .0021 -. 0043 

















- .0556 -. 0749 
-.0011 
S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 






















-.21 - .20 
-.19 
-.21 













































.0171 - .0010 - .O185 
-.0372 
-.0556 






















.0004 . 000 4 













Table BIII. Continued 
TJPWT P R O J E C T  1460 RUN 43 MACH 2.16 
BODY AX1 S AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSTJRES 
R/FT BETA ALPHA 
2.002 -4.04 7.81 
2.003 -2.00 7.80 
2.004 -.01 7.51 
2.003 2.01 7.81 
2.001 4.04 7.80 
2.002 6.08 7.80 
2.002 8.10 7.80 























































S T A B I L I T Y  AXIS DRAG CORRECTED FOR RASE AND CHAMBER P R E S S U R E S  



































































































-.01 7.80 .2853 .0616 -0299 .OOOO .0003 .0008 .0009 -0003 
I 
Table BIII. Continued 
UPWT P R O J E C T  1460 RUN 44 MACH 2.16 
BODY AXIS AXIAL FORCE CORRECTED FOR RASE AND CHAMREQ PRESSURES 
R / F T  BETA A L P M  CN 
2.002 4.03 -4.22 - .1322  
2.003 4.03 -2 .21  -.0595 
2.004 4.03 -1.23 -.0250 
2.004 4.03 - .22  .O105 
2.001 4.03 .79 .0467 
2.001 4.03 1.77 .0818 
2.001 4.03 3.79 .1528 
2.002 4.03 5.79 .2235 
2.003 4.04 7.81 .2908 
1.997 4.06 11.83 .4284 
1.992 4.08 15.79 .5604 































































S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 













RETA ALPHA CL 
4.03 -4.22 -.1296 
4.03 -2.21 -.0583 
4.03 -1.23 -.0243 
4.03 -.22 .0107 
4.03 .79 .0463 
4.03 1.77 .0807 
4.03 3.79 .1502 
4.03 5.79 .2187 
4.04 7.81 .2831 
4.06 11.83 .4114 
4.08 15.79 .5285 
4.12 19.80 .6400 
CD 
.0264 


















































































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 9 MACH 1.60 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 




































































































.OOOl . 000 1 
.0001 



















S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 






















































































.oooo -. 0000 -. 0000 
- .oooo 
- .0001 
.OOOl -. 0000 
- .0002 
-.0001 
CNS -. oouo 
- . 0000 . 000 1 
.0001 . 000 1 
,0001 . 000 1 











































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 12 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 



































































































.0001 . 000 1 




















S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
L / D  
-4.9771 

























CL -. 1325 













































.oooo -. 0002 
.0001 
- .OOOl 




.oooo - .oooo 
.oooo 
.ooo 1 









































,0012 . 001 1 
.0011 . 00 10 































UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 13 MACH 1.80 



























































































































.0016 -. 0056 
-.0122 





































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 14 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  
























































































































C L S  
-.0138 
- -0105 

















































UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 15 MACH 1.80 



























































































-.0061 -. 0068 -. 0068 
-.0074 
-.0081 
-.0091 -. 0034 
CNB -. 0038 























S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 





































































C L S  . 000 7 
-.0013 -. 0024 
- ,0030 









- .0038 -. 0040 
- .0040 
































































.0004 . 000 4 
,0004 
.0003 





UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 17 MACH 2.00 















































































.0001 . 0001 
- . 0000 
.0002 
CNB 



















































































































































































.0003 . 000 3 









Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 20 MACH 2.16 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 


























































































































S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  




































































































.oooo . 000 1 . 0001 












































































UPWT P R O J E C T  1532 
BODY A X I S  AXIAL FO 
R I F T  BETA ALPHA 
2.001 -4.02 -.24 
2.004 -1.99 -.23 
2.003 -.OO -.23 
2.002 2.00 -.23 
2.002 3.99 -.23 
2.002 6.00 -.22 
2.002 8.00 -.22 
S T A B I L I T Y  A X I S  
















Table BIII. Continued 
RUN 2 1  MACH 2.16 
ECTED FOR BASE AND CHAMBER PRESSURES 
CA CM CLB CNB CY 
.0180 ,0073 .0020 ,0040 .0142 
.0181 .0073 .0011 .0020 .0079 
.0182 .0073 .0003 . .0001 .0016 
.0186 .0072 -.0007 -.0019 -.0048 
.0188 .0074 -e0014 -.0039 -.0119 
.0190 .0079 -.0023 -.0058 -.0197 
.0262 .0189 .0082 -.0030 -.0081 -.0282 

















































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 22 MACH 2.16 







































































S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  
L/ D BETA ALPHA C L  CD CM C L S  CNS CY 
4.6822 8.05 7.81 .2952 .0631 .0300 -.0111 -.0076 -.0330 
4.6931 6.01 7.80 .2962 .0631 .0293 -.0087 -.0052 -.0227 
4.6951 4.02 7.81 .2961 ,0631 .0289 -.0063 -.0032 -.0143 
4.7062 2.03 7.80 .2962 .0629 .0286 -.0032 -.0014 -.0053 
4.7265 -.01 7.80 .2952 .0625 -0286 .0001 .0002 -0029 
4.7298 -2.02 7.80 .2947 .0623 -0285 e0035 -0018 e0122 
















CDC CDB I 









Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 23 MACH 2.16 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 






































































































-.0041 -. 0049 -. 0060 















S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
L / D  
-4 8738 





































































-.0003 -. 0008 
-.0014 
-.0022 








- .0039 -. 0039 
- .0039 
- .0038 -. 0038 -. 0036 -. 0034 -. 0033 









































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 25 MACH 1.60 



















































































C L B  
. O O O l  
.0002 
.0002 







































































































C L  s 
.0002 
,0002 
.0002 . 0001 









- .0002 -. 0001 
-.0003 
- .0002 - .0003 
- .0003 
- .0002 -. 0004 
-.0005 
-.0001 








































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 26 MACH 1.80 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  




























































































- . 0000 
- .oooo 
.0001 
.0001 . 000 1 
C NB 
























S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
L I D  
-4 .6383  



































































































- .0002 -. 0004 
- -0005 











































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 27 MACH 1.80 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 

























































































S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER 
L/ D 
-4.7480 


































































































































































UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 28 MACH 1.80 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 













































































































C L S  
.0072 



















































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 29 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 













































































S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  













































C L  s 
-.0164 




















































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 30 MACH 2.00 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 








































































































































































-.0001 - .oooo -. 0002 -. 0002 -. 0002 - .0002 - .0002 
-.0003 -. 0004 - .0002 








































.OOOl -. 0000 






-.0001 -. 0001 
- .oooo -. 0002 
-.0002 -. 0002 
- .0002 -. 0002 
- .0003 


































































.0004 . 000 3 








Table BIII. Continued 
UPWT PROJECT 1532 RUN 31 MACH 2.16 
I BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 






























































































CNB . 000 1 
- .OOOl 
.oooo 
.oooo - .oooo - .OOOl 
-.0001 
-.0002 
-.0001 - .0002 
-.0002 - .0006 -. 0000 





































































































.0002 . 0000 
.oooo 




CNS . 000 1 
- .oooo 
.oooo 
.oooo -. 0000 
-.0001 
-.0001 
- .0002 -. 0001 
- .0002 -. 0002 - .0005 -. 0000 




































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 32 MACH 2.16 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 





























































































































CL -. 1201 



































































































.0003 . 000 3 
,0003 






Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 33 MACH 2.16 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 






































-.17 -. 17 





























































-.0171 -. 0347 
-.0528 
-.0732 









C L S  
.0046 
.0024 . 000 2 
- .0020 
- .0044 
- .0063 -. 0083 
CNS 





































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 34 MACH 2.16 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 
















































































S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  

























































-.0002 -. 0057 
-.0102 
CY 


























Table BIII. Continued 
UPWT PROJECT 1532 RUN 45 MACH 1.60 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 






































CN -. 1847 

















































CNB -. 0002 
-.0001 
- .oooo 
.oooo . 0001 
.0001 



















S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 










































































































































UPWT PROJECT 1532 
Table BIII. Continued 
RUN 48 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 









































CN -. 1624 







































-.0005 -. 0003 











.oooo . 000 1 




























































































- . 0000 
.oooo 
.ooo 1 














































































UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 49 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 




































































































-.0052 -. 0059 -. 0062 -. 0064 
- .0020 
CNB -. 0025 
-.0026 -. 0026 










































































































































































































UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 51 MACH 1.80 



































































.0008 . 000 1 
-.0013 
- .0026 




























































































































1 Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 52 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  

















































































L / D  BETA ALPHA CL CD CM C L S  CNS CY CDC 
4.8694 8.05 8.00 .3843 .0789 -0406 -.0069 -.0044 -.0304 -0012 
4.8822 5.96 8.01 .3865 ,0792 .0400 -.0050 -.0030 -.0195 .0011 
4.9175 4.03 8.00 .3834 .0780 -0408 -.0035 -.0020 -.0133 .0012 
4.9277 -.04 8.02 .3875 .0786 .0398 -.0008 .0005 .0041 .0010 
4.9341 -2.00 8.02 .3882 .0787 .0398 -0010 -0017 .0111 .0010 
4.9332 -4.04 8.01 .3876 .0786 e0395 e0026 e0027 a0192 .0010 

















UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 53 MACH 2.00 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 












































































































S T A B I L I T Y  AXIS DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
L /  D 
-5.1171 





















































































































.0006 . 0010 
CAB 




.0003 . 000 3 


















Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 56 MACH 2.16 

















































































CLB - .0004 
-.0002 
- . O O O l  
-.0001 -. 0003 
- .0002 
- .0002 
- .0002 -. 0007 
- .0007 
- .0009 
- .0008 -. 0000 
C NB -. 0000 









































































































C L  s 
- .0004 
- .0002 -. 0001 
- .OOOl -. 0003 
- .0002 
-.0001 
- .0002 -. 0006 
- .0006 -. 0007 
- .0006 -. 0000 
CNS -. 0001 
.oooo 

















































.0004 . 00 10 
CAB 
.0003 . 000 3 
.0003 
.0003 









.0003 . 000 3 










UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 57 MACH 2.16 










































15  87 























































CNB -. 0026 
-.0025 
-.0025 
- .0026 -. 0025 
-.0026 
-.0027 
-.0027 -. 0027 -. 0028 
- .0034 -. 0034 
-.0026 
CY 
- .0134 - .0125 
-.0126 
-.0122 








S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
- 





































































C L S  - .0008 
-.0012 
-.0013 
-.0015 -. 0016 
- .0019 
-.0022 





















































































Table BIII. Continued 
RUN 58 MACH 2.16 UPWT P R O J E C T  1532 
































S T A B I L I T Y  A X I S  DRAG CORRECTED FOR 


























































































.0014 . 0000 
-.0012 











































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 59 MACH 2.16 













BETA ALPHA CN 
8.05 7.91 .3282 
5.98 7.90 .3269 
4.02 7.90 .3256 
2.01 7.89 .3240 
-.01 7.89 .3239 
-2.01 7.89 -3244 
-4.04 7.89 -3247 
-.01 7.88 -3228 
-.14 -.28 -.0348 
-4.14 -.30 -.0363 


























































S T A B I L I T Y  A X 1  S DRAG CORRECTED FOR BASE AND CHAMBER P R E S S U R E S  












BETA ALPHA C L  
8.05 7.91 .3201 
5.98 7.90 .3188 
4.02 7.90 .3175 
2.01 7.89 .3160 
-.01 7.89 -3159 
-2.01 7.89 .3164 
-4.04 7.89 .3167 
-.01 7.88 -3148 
-.14 -.28 -.0346 
-4.14 -.30 -e0362 




















.0327 -. 0028 
- .0034 
- .0038 
. o x 8  








- .0016 -. 0067 
-.0123 
CNS -. 0053 















































.0002 . 000 2 

















Table BIII. Continued 
UPWT PROJECT 1532 RUN 35 MACH 1.60 














































































CLB - .0008 
- .0009 
- ,0008 
-.0003 -. 0005 - .0007 -. 0009 








,0001 . 0000 
- .0002 - .oooo -. 0000 


























































































- .0008 -. 0009 
- .0008 
- .0003 -. 0005 -. 0007 -. 0009 





.OOOl -. 0002 -. 0001 
- .0001 . 0001 
.oooo -. 0002 . 0001 . 000 1 
.oooo . 000 1 
.0004 
CY -. 0008 































































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 36 MACH 1.80 




















































































- .0009 -. 0005 
- .0005 
- -0006 -. 0006 -. 0005 -. 0008 
- .0007 
-.0012 -. 0009 
-.0010 
-.0010 -. 0008 
C NB . 0001 















































































































- .0006 -. 0005 




-.0010 -. 0008 
CN S 









.0004 -. 0001 






































































Table BIII. Continued 
UPWT PROJECT 1532 RUN 37 MACH 1.80 







































































































STABILITY AXIS DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 































































































- -0046 -. 0046 
- .0045 
-.0055 















































































UPWT P R O J E C T  1532 
Table BIII. Continued 
RUN 38 MACH 1.80 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 










































.0018 -. 0006 




















































C L S  CNS CY 
.0039 -.0137 .0407 
.0018 -.0067 ,0203 
-.0006 .OOOO ,0011 
-.0031 .0071 -.0194 
-.0053 e0140 -.0397 
-.0074 -0206 -.0605 
-.0094 -0264 -.0804 
CAC 
.0013 






























Table BIII. Continued 
upwr PROJECT 1532 RUN 39 MACH 1.80 

























































































C L  CD CM 
.3828 .0788 .0443 
.3847 .0794 .0428 
.3846 .0796 .0420 
.3853 .0801 .0419 
.3868 .0807 .0420 
.3850 .0800 .0420 
-3854 a0807 -0419 






















































Table BIII. Continued 
UPWT P R O J E C T  1532 RUN 40 MACH 2 .OO 
BODY A X I S  AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 





























































































- .0004 -. 0005 









.0001 . 000 1 
.0001 -. 0000 
.oooo 





















S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
L /  D 
-4.5545 





















































































C L S  
- .0003 
- .0003 - .0004 
- .0004 -. 0005 




















































































.0003 . 000 3 







Table BIII. Continued 
4 
MACH 2.16 UPWT P R O J E C T  1532 RUN 41 


















































































- .0002 -. 0003 
- .0003 -. 0003 
- .0005 
- .0006 
- .0009 -. 0008 
- .0003 
CNB 
.OOOl . 0000 -. 0000 


































































































C L S  
- .0004 
- .0003 -. 0004 -. 0002 
- .0003 
- .0003 -. 0003 
- .0005 
- .0005 -. 0008 -. 0008 
- .0003 
CNS . 000 1 
.oooo -. 0000 
.oooo 
- . 0000 























































~~~ ~~~ ~ 
UPWT PROJECT 1532 
BODY A X I S  AXIAL FORCE CO 







































Table BIII. Continued 
RUN 42 MACH 2.16 























































CY -. 0342 
- .0343 
-.0341 


















































19.89 -. 11 














































































































I Table BIII. Continued 
UPWT PROJECT 1532 RUN 43 MACH 2.16 
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURES 
R / F T  BETA ALPHA CN 
1.999 -3.97 -.18 .0128 
1.998 -2.01 -.18 .0134 
1.999 -.OO -.18 -0138 
2.000 1.99 -.17 -0150 
2.001 3.99 -.17 -0158 
1.999 6.00 -.17 -0155 



























- .0170 -. 0345 
-.0525 
-.0712 





























































































Table BIII. Concluded 
UPWT P R O J E C T  1532 RUN 44 MACH 2.16 




























































.0003 -. 0049 -. 0088 
CY 
-.0671 





S T A B I L I T Y  A X I S  DRAG CORRECTED FOR BASE AND CHAMBER PRESSURES 
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